A light-yellow crystalline product (1), which was isolated after one week from the filtrate of the reaction between S-2-methylbenzyldithiocarbazate and 2,3-dihydroxybenzaldehyde, was characterised by single crystal X-ray diffraction, FTIR and NMR spectroscopic analyses. The experimental molecular structure of 1 has been established by X-ray crystallography and showed, to a first approximation, a planar C2N2S2 + dihydroxyphenyl region that has an almost orthogonal relationship to the rings of the pendant S-bound benzyl groups. This structure has been verified via density functional theory calculations using the B3LYP/6311G(d,p) level of theory. The molecular packing featured linear supramolecular chains along the b-axis sustained by tolyl-C-H…N(imine) and tolyl-C-H…π(tolyl) interactions; the importance of these contacts is indicated by a Hirshfeld surface analysis.
ECA400 spectrometer with tetramethylsilane (TMS) as the internal reference (placed at 0 ppm). Electronic spectra were recorded in DMSO on a Shimadzu UV-2501 PC recording spectrophotometer (1000-200 nm).
Materials
All chemicals and solvents were of analytical grade and were used without further purification. Chemicals: 2-methylbenzyl chloride (ACROS), potassium hydroxide (HmbG), hydrazine hydrate (Fluka), carbon disulphide (Merck) and 2,3-dihydroxybenzaldehyde (Merck) Solvents: acetonitrile (Fisher), absolute ethanol (QRec), ethanol (QRec) and methanol (Systerm).
Synthesis of S2MBDTC and the formation of 3-[(1Z)-{2-[bis({[(2-methylphenyl)methyl]sulfanyl})methylidene]hydrazin-1-ylidene}methyl] benzene-1,2-diol (1)
S-2-methylbenzyldithiocarbazate (S2MBDTC) was synthesised according to a previously reported method [7] . S2MBDTC (2.12 g) was dissolved in 100 ml acetonitrile/ethanol (9:1) solution with an equimolar quantity of 2,3-dihydroxybenzaldehyde added to it. The mixture was stirred and heated (~80°C) for 2 h. The resultant mixture then was allowed to cool to room temperature and the expected product, S-2-methylbenzyl-β-N-(2,3-dihydroxybenzylmethylene)dithiocarbazate that formed was filtered. The filtrate was kept at room temperature. Light-yellow crystals formed after a period of one week which were analysed by single crystal X-ray diffraction analysis and were found to be an unexpected parameters, the final values of R and wR (all data) were 0.053 and 0.130, respectively. The molecular structure diagram was generated with ORTEP for Windows [26] and the packing diagrams with DIAMOND [27] . Crystal data for C24H24N2O2S2 ( 
Density Functional Theory Calculations
The gas-phase geometry of 1 in the electronic ground state was fully optimised using density functional theory (DFT). The hybrid B3LYP [28, 29] exchange correlation functional was used in conjunction with a 6-311G(d,p) Pople basis set. The experimental X-ray crystallographic structure of 1 was used as the initial geometry. Harmonic vibrational frequencies were calculated to ensure that the optimized geometry represented the local minimum of the potential energy surface. The electronic excitations of 1 were computed using time-dependent density functional theory (TD-DFT) [30, 31] and included solvation effects (DMSO) via the polarisable continuum method (PCM). The predicted 1 H and 13 C NMR chemical shifts in chloroform were obtained using the GIAO approach [32, 33] . All computations were performed using the Gaussian09 (G09) program [34] .
Results and Discussion
S-2-methylbenzyldithiocarbazate (S2MBDTC) is an ester produced from the reaction of hydrazine hydrate with carbon disulphide followed by the alkylation or arylation of the dithiocarbazate salts with different alkyl/aryl halides, at temperatures below 5°C and in the presence of a base (potassium hydroxide was used in this reaction) [5, 7, [16] [17] [18] [19] [20] [21] [22] . However, the concentration of potassium hydroxide plays an important role in determining the formation of the esters, where sometimes diesters are formed as a secondary by-product [35] . This occurs via a second SN2 reaction occurring through the thione sulphur atom reacting with a second molecule of 2-methylbenzylchloride at higher temperatures, followed by a second deprotonation of S2MBDTC. Similar diester formation have been reported by other researchers [36] [37] [38] .
As shown in the reaction scheme (Scheme 1), the inseparable and unstable intermediate mixture of S2MBDTC and diester was reacted with 2,3-dihydroxybenzaldehyde in acetonitrile:ethanol (9:1) at 80°C for 2 hours which produced two light-yellow products that were chemically stable and separable: S2MdiOH Schiff base (desired product for biological work) and an unexpected product (1). In our synthetic protocol, the S2MdiOH Schiff base formed from the reaction solvent mixture immediately upon cooling and was collected via filtration, whilst product (1) -present in the filtrate -crystallised after one week at room temperature. Table 1 . A discussion of the key geometric parameters is presented along with those obtained from DFT analysis in Section 3.2. Conventional hydrogen bonding interactions were absent in the molecular packing of 1 owing to the participation of the O1, O2 and N2 atoms in intramolecular interactions.
Centrosymmetrically-related molecules were connected into dimeric aggregates via tolyl-C-H…N(imine) interactions, Table 1 . The aggregates were connected into a linear supramolecular chain along the b-axis via tolyl-C-H…π(tolyl) interactions, Fig. 2a and Table   1 . Chains pack without directional interactions between them according to the distance criteria assumed in PLATON [39] . A view of the unit cell contents is shown in Fig. 2b . A more detailed analysis of the supramolecular association in the crystal of 1 is given in the discussion of the Hirshfeld surfaces in Section 3.2. A structural analogue of 1 in which the m-OH group was replaced by a methoxy group showed through overlay of the two molecules (not shown), a great similarity in the molecular conformations, apart for the orientation of one of the o-tolyl groups which was folded towards the rest of the molecule as opposed to what was observed in 1 [40] .
The gas phase B3LYP/6-311G(d,p) optimised structure of 1 is shown in Fig. 3 . The calculated bond lengths and angles are in agreement with the values obtained from the crystallographic analysis above (see Table 2 ). This similarity was consistent with the absence of strong directional intermolecular interactions in the crystal. The deviations in the selected bond lengths/angles of 1 ranged from 0.006-0.038 Å/0-3.3°, whereby the maximum bond length deviation corresponded to the C2-S1 bond and the maximum bond angle deviation corresponded to the N2-N1-C1 angle. The X-ray and B3LYP/6-311G(d,p) C1-S1 and C1-S2 bond distances both indicated single bond character, consistent with a previous report [40] . The bond lengths of N1-N2 and C18-N2 were consistent with single and double bonds, respectively; the latter with an Econfiguration. Despite the planarity in the central residue, there was little evidence for extensive delocalization of π-electron density over these atoms [41] ; The C1-N1, N1-N2 and C18-N2 bond lengths suggested limited conjugation over these atoms and the configuration about the N-N=C bond was E [40] . The S1-C1-S2 bond angle was systematically narrower than the S1-C1-N1 and S2-C1-N1 bond angles, again consistent with the single bond character of the C1-S1 and C1-S2 bonds.
Fig. 3. B3LYP/6-311G(d,p) gas-phase geometry of 1

Hirshfeld surface analysis of 1
The calculated Hirshfeld surfaces [42, 43] for 1 were performed in accord with earlier studies on organic molecules [44] and provide additional insight into the supramolecular associations Table 3 Summary of short interatomic contacts in the molecular packing of 1. Table 4 . A pair of short spikes at de + di ~ 2.2 Å in the middle and at de + di ~ 2.6 Å flanking these peaks in Fig. 5a indicate the presence of short interatomic H...H contacts (Table 3 ) and the intermolecular C-H...N interactions (Table 1) (Table 3 ). The other interatomic contacts summarised in Table 4 are separated by relatively long distances and have a negligible effect upon the packing. 1678 and 1641 cm -1 , respectively. The differences in the vibrational frequencies can be explained by the fact that the experimental spectrum was obtained in the solid-state, while DFT calculations were run in the gas-phase. Finally, the absence of a signal at ~190-200 ppm due to the C=S functionality also indicated that the product was not the expected Schiff base [41, 47] . Table 6 Experimental and calculated 1 H and 13 C NMR chemical shifts (ppm) for 1
Contact
Absorption studies and frontier molecular orbital analysis of 1
The experimental UV-vis spectrum of 1 showed a prominent absorption peak at 328 nm, whereas the theoretical absorption peak was observed at 325 nm. The HOMO and LUMO of 1 are shown in Fig. 6 . The highest oscillator strength corresponded to HOMO-LUMO electron transfer at 325 nm. Figure 6 showed that the HOMO was predominantly centrered on the diester and azomethine moieties. Conversely the LUMO was largely centered on the 2,3-dihydroxyphenyl ring and as well as the diester and azomethine moieties.
Thus, the excitation observed at 325 nm was assigned to be n→π*, where nonbonding electrons of the azomethine nitrogen at the ground state were excited to the π* LUMO. 
Conclusions
In this work, the unexpected formation 
